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Until very recently, it was regarded as an established fact, that the vegetable kingdom alone had the power of forming sugar, and that any sugar found in the blood, urine, &c., of animals, must have had its origin in the amylaceous or saccharine portion of the food. Experiments of unquestionable accuracy have, however, demonstrated that the animal organism has also the power of forming sugar, altogether irrespectively of the nature of the food; that sugar exists normally in the blood, in a certain part of the circulation?namely, from the hepatic veins to the pulmonary capillaries, in both carnivorous and herbivorous animals; and that the quantities of sugar which we find in these two great classes of animals, do not present any sensible differences. " In man, and in all animals, there is a sugar-producing organ, and this organ is the liver; and as all secreting organs are impregnated with the product of their secretion, as the kidney is impregnated with urine, the testicle with spermatic fluid, the pancreas with the pancreatic juice, and the salivary glands with their different varieties of saliva, so is the liver impregnated with sugar; and it is the only organ of the body which in the normal state presents this peculiarity. To convince ourselves of this, we have only to take the tissue of any freshly-killed animal, to pound it and boil it with a little water, and to search for sugar by the ordinary means in the (filtered) liquid decoction."* In performing this experiment, it is necessary to make the filtered fluid pass through animal charcoal, in order to decolorise it, and then again to filter it, before we apply the ordinary tests; but this being done, we obtain ready evidence of the presence of glucose or grape-sugar by Trommer's test (the reduction of oxide of copper), by boiling with liquor potassse, and by fermentation.
The presence of sugar in the liver, and in no other organ of the body, is a fact that has been established by Bernard, by observations on a large number of animals in almost every department of the zoological scale of beings.
In order that the experiments made on man should correspond with those instituted on animals, Bernard was obliged to confine his observations to cases of sudden death in healthy persons. He examined the livers of five executed criminals, of a man who was killed instantaneously by a gun-shot wound, and of a diabetic patient who died suddenly from pulmonary apoplexy.
The following are his results, arranged in a tabular form:
Age. ^u'lrammes61" Sugar in 100 parts of liver. Ditto in the whole liver.
Criminal ( With immense labour and unwearying powers of work, he has obtained evidence of the presence of sugar in the liver, throughout almost the whole animal scale.
He has found it in mammals (of which at least seventeen different kinds were examined, besides man), in birds (sixteen different kinds), in reptiles (ten different kinds), in osseous fishes (twelve different kinds), in cartilaginous fishes (three different kinds), in molluscs (eight different kinds), and in articulate animals. The relative quantity of sugar in the liver varies little when the system is in a normal condition ; it very seldom exceeds 4 per cent., the mean being from 1-5 to 2 per cent, in mammals and birds; while in reptiles, fishes, and molluscs it is somewhat less. It is unnecessary to notice the experiments by which he distinctly proves that the sugar which exists in the liver is identical with that which occurs in diabetic urine; and we pass on to his demonstration that this sugar is secreted in the liver, and that it is in no way connected with the nature of the food. When, however, the dissolved food has passed almost entirely from the stomach into the intestine, a colourless saccharine fluid enters the stomach by the ductus choledochus, which opens near the pyloric extremity. As the intestinal absorption proceeds, the secretion of this saccharine fluid in the liver becomes more abundant, and at length not only fills the stomach, but also the ductus choledochus; and by its backward pressure causes a very distinct and remarkable dilatation of the liver.
This general distension of these organs soon diminishes, in consequence of the absorption of the fluid, which seems to be effected solely by the walls of the stomach, scarcely any of it passing into the intestine; and when this secretion has almost disappeared, the ductus choledochus begins to pour forth a fluid which gradually becomes less saccharine and moi*e coloured, till at length, towards the end of the digestive process, pure bile, altogether devoid of * Lemons, &c., p. 90.
sugar, is effused, such as is found in the stomach of the slug after fasting; and the turgescence of the liver then disappears. Here, then, we have ocular demonstration of the independence of these two functions of the liver.
Bernard believes that in the articulata, and especially in insects, he has made out the anatomical distinction between that portion of the liver which is to produce bile, and that which is to secrete sugar; but we regard this evidence to be less trustworthy than that yielded by the slugs. [Jan.
Bernard notices a singular case of this kind that fell under his own observation. A diabetic woman had a chronic affection of the bowels, which occasionally assumed an acute form, when she suffered from colic and diarrhoea; whenever the last-named symptoms appeared, the urine ceased for the time to be saccharine. Neither age, sex, pregnancy, nor lactation, seems to exert any special influence on the formation of sugar in the liver.
We now proceed to consider the uses and final destiny of the hepatic sugar in the organism.
As farinaceous and saccharine food does not increase the amount of the sugar that is found in the tissue of the liver, it is in the highest degree probable that the sugar derived from the food plays an entirely different part in the animal economy from the hepatic S'igar. Bernard finds that, if we take two dogs, and feed one exclusively on flesh and the other exclusively on amylaceous matters for some days, and then kill them, the watery decoction of the liver will be perfectly limpid in the first case, while in the second it will be " turbid, opalescent, and of a milky appearance." The two fluids will be found equally to abound in sugar, but the latter also holds in suspension an emulsive matter?a mixture apparently of a fatty and of a protein body; and from this he infers that the sugar yielded by the food does not pass in the form of sugar into the blood, but that it is converted by the liver into fat. We have not space to induced by the molecular changes occurring in the nitrogenized constituents of the animal during life. And in accordance with this, we find lactic acid present in the system, and largely separated from arterial blood by the muscular tissue and the secerning follicles of the stomach. As regards the lactic-acid fermentation, it is well known that the presence of an alkali favours, while that of an acid retards, the process. In two experiments on animals, the author injected carbonate of soda and phosphoric acid into the circulating current, and observed, in the case of the latter, that sugar immediately accumulated in the blood."?
In proceeding to notice the uses of sugar?which he does in his twelfth lecture?Bernard observes that it is difficult at first sight to perceive what part this substance plays in the organism. As it is constantly produced in the liver from a certain epoch of intra-uterine life to the death of the animal, we cannot doubt but that it must have important functions to fulfil.
Some physiologists maintain, that by its destruction it developes the heat necessary to support the auimal temperature; but this is a mere supposition, not only unsupported by evidence, but in direct opposition to the fact observed by Bernard, that the greatest heat is produced during the formation of sugar in the liver, and not duriug its destruction, the blood which leaves that organ by the hepatic veins being found to exhibit a higher temperature than the blood in any other part of the body.t
The actual uses of sugar iu the animal economy are so fully described by Lehmaun, in [Jan.
free both from sugar and from albuminous matters. Bernard's original theory, that the secretion of sugar was under the direct influence of the pneumogastric nerve, was, however, erroneous, as he shortly discovered ; for he found that if before irritating the floor of the fourth ventricle he first divided the pneumogastric, sugar still appeared in the urine. He now believes that the nervous influence on the liver is transmitted by reflex action through the ganglia of the sympathetic. After laying it down as a law that a ganglionic apparatus pertaining to the great sympathetic always exists between the organ which receives the reflex action and the nervous centres which propagate it, he maintains, in relation to the glycogenic functions of the liver, that the starting-point of the irritation is the lung, which is always receiving 011 its surface the impression of the air; this impression or sensation is perceived by the extremities of the pneumogastric nerves, which are distributed over the lungs, and is thus conveyed to the medulla oblongata, from whence it is propagated by the spinal cord and by filaments of the great sympathetic nerve to the liver. We regret that we cannot find room for a sketch of the anatomical details, or the various ingenious experiments by which he arrived at the above conclusion.
Other means of producing artificial diabetes are subsequently described. 
